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whose natural ligands are unknown. Methods of generating indicator cells expressing GPCRs, and isolated populations of such indicator 
cells, are also disclosed. 



BNSDOCID: <WO 964M69A1 J_> 



FOR THE PURPOSES OF INFORMATION ONLY 
applicat,S^£ IS?* ^^toth^PCTon the front pages of pamphlets publishing international 



AM 


Armenia 


GB 
GE 
GN 
GR 
HU 
IE 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 
BF 


Belgium 
Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


IT 
JP 


BR 


Brazil 


BY 


Belarus 


KE 
KG 
KP 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


KR 

KZ 

U 

LK 

LR 

LT 

LU 

LV 

MC 


CH 


Switzerland 


CI 


Cote (Tlvoire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 
FI 


Spain 
Finland 


MD 
MG 


FR 


France 


ML 


CA 


Gabon 


MN 
MR 



United Kingdom 

Georgia 

Guinea 

Greece 

Hungary 

Ireland 

Italy 

Japan 

Kenya 

Kyrgystan 

Democratic People's Republic 
of Korea 

Republic of Korea 

Kazakhstan 

Liechtenstein 

Sri Lanka 

Liberia 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

Mali 

Mongolia 
Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United Slates of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



15 



WO 96/41,69 PCT/US96/08895 

- 1 - 

FUNCTIONAL BIOASSAY FOR G-PROTEIN COUPLED RECEPTOR 
AGONISTS AND ANTAGONISTS 

Background of the Invention 
5 Cellular responses to external stimuli are primarily mediated by receptor based 

systems. One of the most ubiquitous and sizable transmembrane receptor families, with 
members observed in organisms from bacteria to yeast to man, is the G-protein coupled 
receptor (GPCR) family. Receptors of this family associate with a membrane-bound G 
protein composed of a, p and y subunits. Following agonist binding to the receptor, a 
1 0 conformational change is transmitted to the G protein, which causes the cc-subunit to 

exchange a bound GDP molecule for a GTP molecule and to dissociate from the Py-subunits. 
The GTP-bound form of the a-subunit typically functions as an effector-modulating moiety, 
leading to the production of second messengers, such as cyclic AMP (e.g., by activation of ' 
adenylate cyclase), diacylglycerol or inositol phosphates. Greater than 20 different types of 
a-subunits are known in man, which associate with a smaller pool of p and y subunits. Thus, 
different G-protein coupled receptors may associate with G-proteins having different a, p 
and/or y subunits. For reviews on signal transduction by G-protein coupled receptors, see 
Gilman, A.G. (\9S7) Annu. Rev. Biochem. 56:615-649; Stryer, L. and Bourne, H.R. (1986) 
Annu. Rev. Cell Biol. 2:391-419; and Birnbaumer, L. (1990) Annu. Rev. Pharmacol Toxicol. 
20 30:675-705. 

Most GPCRs are members of the seven transmembrane segment (7 TMS) receptor 
family. This family is made up of at least several hundred distinct receptors and includes 
receptors that respond to signals ranging from environmental stimuli, such as photons, 
odorant molecules and sweet tasting sugars, to molecules involved in intercellular 
communication, such as biogenic amines, lipids, peptides and glycoproteins, including 
neurotransmitters, neuromodulators and hormones. Structurally, the receptors of the 7 TMS 
family are composed of an extracellular amino terminal domain, seven hydrophobic regions 
that span the cell membrane, six "loop" domains that connect the transmembrane segments (3 
intracellular and 3 extracellular) and, for many but not all members, an intracellular carboxy 
terminal domain. The transmembrane segments of 7 TMS family members exhibit 
considerable homology, whereas the connecting loops are less conserved, showing high 
homology only between closely related receptor subtypes. Two of the most extensively 
studied 7 TMS receptors are rhodopsin, which is expressed in the retinal rod cells and 
converts light energy into a neurochemical signal (see e.g., Nathans, J. (1987) Annu. Rev. 
Neurosci. 10:163-194) and the p2-adrenergic receptor, which is expressed in most 
mammalian tissues and activates adenylate cyclase to produce cAMP (see e.g., Dixon, R.A.F. 
et al. (1986) Nature 321.: 75-79). Additionally, the conserved structure among 7 TMS 
receptors has allowed for the cloning of many novel genes encoding 7 TMS receptors whose 
natural iigand and function are yet to be elucidated. These receptors have been referred to as 
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"orphan" receptors (see e.g., Mills, A. and Duggan, M J (1993} tw, ,„ Pu 

Sciences 14:394-396) For reviews on 7 TM<f Pharmacological 

by the state of activation or blockade ofaG-protein coupled recent™ p«. ♦ 

o^cuon mutations or activating mutations. Examp.es include mutation of *e 

« a nZT P ' 0r lK,din8 10 »»»-*-*»-«• *yroid adenomas (see . g J 
« al. (1993) MwafiSWMSl). Nation of the rhodopsin gene, ,=adi„g ,o 
pigmentosa (see e.g., Keen, T.J. et al. (1991) Genomics 11 190 7™ ^ „ v 
(1992)A'«,ron 9-710 70^ . .■ , , u£ " om,M ll- '99-205; and Robinson, P.R. et al. 

^'Z^O" 2-719-725), mutat,on of the luteinizing botmone receptor gene Ieadine to 
precocious puberty (see e.g., Shenkei, A. et al. (1993) Katur, 365-652 6 <T 

Clark, A.J.L. etal.(1993^ian<:«/341-4(;u/i7\ n ■ „ "cuciency (see e.g., 

.. 1 m > "^"Sll-461-462). ForareviewoftheroleofGPCRsin 

disease, see Coughlin, S.R. (1994) Cnrr. Op. CM Bio!. 6:191-197 

Numemus important drugs for the treatment of various disease conditions act bv 

gonadotropm-releasmg hormone, such as .euprolide, gonadorelin and nafarelin which have 
W used to treat prostate and breast carcinomas, uterine ,eimyomatas, endom^ 
7ZZ>Tl T r — syndrome (see e.g., P l, , N . 

STn'^r T — ~ * - -n used as a bronchi! (see e.g., 
HuraA.(1973)^ m ^„ erE> ,j i:460 ^ 66)andthehistamine2 8, 

cimetidme, wh,ch has been used to treat ulcers and idiopathic urticaria (see 7Tt , c 

tjzt E " s! - j Mea - ch - * - MiddCrM^r s - " 

Summary nf the Invention 

disease oriel f* T ^ " bMh n °™ al «"«^ »l— - aberrant 

5S!T for 40 identif,ca,i0 " of aE<mis,s or ° f opcr * 

an^ts^e ^77opXtl b" ?T** " ~ °' 

hich-throuahnu, M t " ° f the inVCMi ° n ^ sta P le ' ra Pi" and 

h^gh throughput. Moreover, these screening methods enable mammalian OPCRs and in 

pamcular human GPCRs, to be assayed within a mammalian cellular environment 
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Compounds can be tested in these assays singly or, more preferably, in libraries of 
compounds. Thus, the assays allow for rapid screening of large panels of compounds. 
Furthermore, the assays of the invention can be applied both to known GPCRs and to 
"orphan" GPCRs for which a natural ligand is unknown. Thus, the methods of the invention 
are useful for identifying therapeutically useful agonists or antagonists of known GPCRs as 
well as for investigating the function of orphan GPCRs. 

In the methods of the invention, a population of indicator cells (e.g., mammalian 
cells) is contacted with a test composition containing one or more test compounds, at least 
one parameter of cellular metabolism of the indicator cells is measured and the test 
compound(s) is identified as a receptor agonist or antagonist. The indicator cells express the 
GPCR of interest, preferably by introduction into the cells of a nucleic acid molecule 
encoding the GPCR. The test composition can include one or several (e.g., a library) of test 
compounds. Additionally the test composition may include one or more known receptor 
agonists or antagonists. For example, a test compound can be identified as a receptor 
1 5 antagonist based upon its ability to alter the effects of a known receptor agonist on the 
indicator cells when the indicator cells are contacted with both the test compound and the 
known receptor agonist. Furthermore, the test composition can include one or more agents 
that alter the metabolism of a second messengers) in the indicator cells. 

Preferred GPCRs for use in the assays of the invention include luteinizing hormone 
releasing hormone receptor (LHRH-R; also referred to as gonadotropin releasing hormone 
receptor (GnRH)), Ml muscarinic receptor and 02-adrenergic receptor (02-AR). In another 
embodiment, the GPCR couples to a Gq/1 1 G-protein (e.g., LHRH-R, acetylcholine, 
adenosine 1, a-adrenergic, angiotensin, bombesin, bradykinin, C5a, cholycystokinin, 
endothelin, glutamate, 5HT, histamine (HI subtype), neurotensin, neurokinin, oxytocin, 
25 thyrotropin releasing hormone, thyroid stimulating hormone, thromoboxane A2 and 

vasopressin). In another embodiment, the GPCR couples to a Gs G-protein (e.g., 02-AR 
cardiac p-adrenergic, histamine (H2 subtype), thyrotropin, growth hormone releasing factor 
and adrenocorticotropic hormone). In yet another embodiment, the GPCR is a chimeric 
receptor composed of at least one ligand binding domain of a first seven transmembrane 
30 segment receptor and at least one signal transduction domain of a second seven 

transmembrane segment receptor such that the chimeric receptor couples to a Gq/1 1 G- 
protein in the indicator cells. In still another embodiment, the GPCR is an orphan receptor 
(i.e., the natural ligand for the G-protein coupled receptor is unknown). 

In one embodiment of the screening assay of the invention, the parameter of cellular 
35 metabolism that is measured in the indicator cells is viability or proliferation. For example, a 
test compound can be identified as a receptor agonist based upon its ability to decrease the 
viability and/or proliferation of the indicator cells when contacted with the indicator cells. 
Alternatively, a test compound can be identified as a receptor antagonist based upon its 
ability to increase the viability and/or proliferation of the indicator ceils when contacted with 
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•he indicator call, and a known receptor agonist. In this embodiment the GPCR t „ 
couples to a Gq/, , G-protein (e.g., LHRH-R, or is a chimeric GPCR com T f * 
transduction domain(s) that allows the chimeric GPCR to couple to^i G^iTg'd ^ ^ 
h anourer embodiment of the screening assay of the in venln t H 

The invention further provides methods for preparing a cell «,», » 
recombinant G-protein coupled receptor on a membL^L " fa nT"" V 
■nthe screening assay, ,„ .his method, a nudeic acid moleclltoencT " mdlCa,OTCe " 
unreduced into the cell under culture condirions in ^J^^T !* ?T" " 
receptor agonists is inhibited. A stable population of cells ^ 
protein coupled receptor in a cuhure medium Tt^"* °" 

are also p^ I' " ^ ^ ^ "* ~« 
Brief Description n fth» Tw. rinr - 

-eptor (U^^rr » -P- 'u-inizing honnone releasing hormone 

-nsfected ce„s (pane, B), increasing „™ ** « ^ 

1 nM, lOnMor 100 nM antagonist, tons ot an LHRH-RR agonist together with 

unttans^:^ ^.tZT" T ° f * C «° ««» 

alone, increasing concentrations of an Mi n,USCann,c rece P ,OT a S°™t (carbachol) 

antagonist. together with uM (panel B only), 1 0 uM or 1 00 (J.M 

F/^r e 5 is a graphic representations of the reduction of MTT hv run „ 
transfected with the I hrh ™ ♦ w««ion oi M IT by CHO cells 

L*m agonist D-His 6 -LHRH (a, , „M, ,„ Z^^,^^ 
antagonist was "snil-^" »u ™ J-WKH agonist or 

_ g st was spiked into the sample to demonstrate that both agonists an H 9 , • 
be identified using this assay. agonists and antagonists can 
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Figure 4 is a photograph of CHO cells showing the effect of the p2-adrenergic 
receptor agonist salbutamol on the morphology and alignment of CHO cells expressing the 
human p2-adrenergic receptor. 

Detailed Description of the Invention 

This invention provides methods for identifying G-protein coupled receptor (GPCR) 
agonists or antagonists, i.e., screening assays for agents that stimulate or inhibit the activity 
of a GPCR. The methods of the invention are functional bioassays. The methods are based, 
at least in part, on the discovery of detectable changes in cellular metabolism that occur in 
indicator cells expressing the GPCR when the indicator cells are contacted with a receptor 
agonist or antagonist. In various embodiments of the invention, these detectable changes in 
cellular metabolism include changes in cell viability, cell proliferation or cell morphology 
For example, one embodiment of the method of the invention is based, at least in part, on the 
discovery that an indicator cell expressing a GPCR displays decreased cell viability and/or 
proliferation in the presence of a receptor agonist. Moreover, cell viability and/or 
proliferation in the presence of a receptor agonist can be restored by the additional presence 
of a receptor antagonist. Another embodiment of the method of the invention is based, at 
least in part, on the discovery that an indicator cell expressing a GPCR displays detectable 
changes in cell morphology in the presence of a receptor agonist and that these morphological 
20 changes are reversed in the presence of a receptor antagonist. 

The methods of the invention are simple, rapid and high-throughput assays that allow 
for the efficient screening of either individual compounds or libraries of compounds. 
Furthermore, these methods are widely applicable to different GPCRs and can even be used 
to identify ligands for "orphan" receptors of unknown function. Accordingly, the methods of 
25 the invention can be used both to investigate GPCR function and to identify compounds 
useful for manipulating or altering GPCR activity, e.g., for therapeutic purposes. In a 
preferred embodiment of the invention, mammalian cells are used as indicator cells in the 
screening assays, thereby allowing for identification of agonist or antagonists of mammalian 
GPCRs in the context of a mammalian cellular environment. 
30 Other aspects of the invention pertain to methods for preparing indicator cells useful 

in the screening assays of the invention and compositions, e.g., cells and vectors, used in the 
assays. The various aspects of the invention are described in further detail below. 

In one embodiment, the invention provides a method for identifying an agonist or 
35 antagonist of a G-protein coupled receptor comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound, 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 
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c) identifying the at least one test compound of the test cnm^oV 
agonist or an antagonist of the G-protein coupled receptor. ' ^ " " 

As used herein, the term "G-protein coupled receptor" (or "GPCR'"> ~f . 
receptor that, when expressed by a cell, associates with a G-p« fa 2 
of a, p and y subunits and which hydrops GTP). Preferably t GPCR is 
transmembrane segment receptor" (or "7 TMS receptor"), which ^ a ^ 
structurally comprises seven hydrophobic transnj tbrane spal^ " ^ 

hormone, GnIU i )rece P tor,th 8 eMZscS 
preferredre,ep t orsincludeopioidreceptors,endo^ 

neuropeptide Y receptors and serotonin K receptors. § " reCeptOR5 ' 

Additionally, groups ofGPCRs have been classified accord.™ th r 
they couple (i, e ., associate with) intracellularly. Acc« Tine * * 

used in the screening assay couples to (i.e., associates ^oJl ^T^ ^ 
GPCR. that couple to a Go/1 1 G-protein include the fT^^^^^' 

^uuiypcsj, giutamate (mGlul, 5 subtypes^ 5HTHA u o i_ 
(HI subtype), neuron ne^okinin (f^ H^WoL ' C k "*W>. 
hormone fTRm .1,, -j • . 3 subtypes), oxytocin, thyrotropin releasine 

Xsuht^ ^ SOmU,at,n8 h0m, ° nt (TSH >> — — an/vasopressin 
In another embodiment, the OPCR used in the screening assay couoles to ,i e 

«ig receptors. p2-adrenergic, cardiac B-adrenereic hicta™,.^ u 
thyrotropin, growth hormone releasing factor, l-JSCZS^^. 
follicle stimulating hormone (FSH), thyroid stimulating hormone (TSH) GLP 1 7' * 
d °— 5(^5), dopamine, (D,), calcitonin, adenosLn I ZI '"^ 
intestinal polypeptide and parathyroid hormone. P P VaS ° PreSSln 2' vasoac »ve 

In another embodiment, the GPCR used in th^ cr*w 
associates witlrt a G- r . • c screening assay couples to (i.e., 

^ociates with) a G, G-protein. Examples ofGPCRs that couole to a r • r> 
the following receotors- SHT n a id ir-» , ^ P G » G -P rotein delude 

subtypes), u-opod, 5-o P ,od, K -o P iod, neuropeptide Y (1 . 2 subtypes) 

In yet another embodiment, the GPCR is what ha^ w n J 
"orphan" receotor A „ nm „ - at has been reWd »o in the art as an 

ipuan receptor. An orphan receptor is a GPCR that is stmrtnraii, • -, 
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screening assay of the invention. In this latter embodiment, the screening assay can thus be 
used to identify test compounds as ligands of the orphan receptor. For example, naturally- 
occurring substances can be screened in the assay to investigate whether they are natural 
ligands for the orphan receptor. Accordingly, in addition to allowing for agonists and 
5 antagonists of known GPCRs to be identified, the bioassays of the invention also are useful 
for investigating the function of orphan GPCRs by identifying ligands for these receptors. 

As used herein, a receptor "antagonist" refers to an agent that inhibits the activity of a 
GPCR, whereas a receptor "agonist" refers to an agent that stimulates the activity of a GPCR: 
Inhibition or stimulation of receptor activity by an antagonist or agonist, respectively, may be 
10 partial or complete. 

As used herein, the term "population of indicator cells" refers to a multiplicity of cells 
that express at least one GPCR of interest (i.e., the GPCR for which a receptor agonist or 
antagonist is to be identified). An indicator cell "expresses" a GPCR when the GPCR is 
present on a membrane of the indicator cells. The indicator cells may naturally express the 
1 5 GPCR of interest (also referred to as "endogenous" expression) or, more preferably, the 

indicator cells express the GPCR of interest because a a nucleic acid molecule that encodes 
the receptor has been introduced into the indicator cells, thereby allowing for expression of 
the receptor on the membrane of the cells (also referred to as "exogenous" expression). 

Cells which endogenously express a GPCR are well known in the art and can be used 
20 in the screening assay of the invention. However, more preferably, an indicator cell for use in 
the assay is prepared by introducing into the cell a nucleic acid (e.g., DNA) encoding the 
GPCR of interest such that the GPCR is expressed on a membrane of the cell. Preferably, the 
indicator cell does not express the GPCR of interest prior to introducing the GPCR-encoding 
nucleic acid into the cell. The GPCR-encoding nucleic acid introduced into the cell is in a 
25 form suitable for expression of the receptor on a membrane of the cell, meaning that the 

nucleic acid contains all of the coding and regulatory sequences required for transcription and 
translation of the nucleic acid encoding the GPCR, which may include promoters, enhancers 
and polyadenylation signals, and sequences necessary for transport of the receptor to the 
surface of the cell, including N-terminal leader sequences. In a preferred embodiment, the 
nucleic acid introduced into the cells is a recombinant expression vector carrying a cDNA 
encoding the GPCR. In recombinant expression vectors, the regulatory functions responsible 
for transcription and/or translation of the cDNA are often provided by viral sequences. 
Examples of commonly used viral promoters and/or enhancers include those derived from 
polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40, and retroviral LTRs. Suitable 
35 expression vectors for expression of a GPCR in an indicator cell are well known in the art 
and many are commercially available. The recombinant expression vector can be, for 
example, a plasmid vector or a viral vector (e.g., a retroviral vector, an adenoviral vector or 
an adeno-associated viral vector). Expression of the GPCR on the surface of the indicator 
cell can be accomplished, for example, by including the native sequence of the GPCR in the 
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cDN A earned by ,he recombinant expression vector, and, preferably, by adding a 
heterologous stgnal sequence (i.e., from another protein) for the native GPCrT 
change the intracellular processing pathway of the GPCR It is t T ^ ^ '° 
hetero.ogous leader sequence can improved efficfencv of " " *" "~ ° f * 

5 ce„. n.^^^^^.-*^ 

to the native sequence of a GPCR ( * A) Can **** 

desired, ,o mc^Uate *e responsiveness o^Z^TT" 7'°""^ " 

protein in a host cell which endogenously expresses that samTr of jessed G- 

"rexpre^onofap^^ 
1 5 express that particular G-protein) 1 endo 8 enousl y 

laboratory manuals and kits fo « 11 T ^ ^ «"*" ° 9S9)) - d •*» 

uansiemZ transferor "T^'" 8 Ce " S -aUable. Cells may be 

nuclei ZT^f V " ^ ^ aab ' y Wi * «« OCR-encoding 

the GPCR-encodino n ,„i ■ ■ ^ ■ Ve ° tOF) ° r y selectln g those cells which have integrated 

of uansfeeted *^TZ^^J™^ "* ™* 
to transfect a nucleic a- . anucle " :ac,d ml ° their genome, it is advantageous 

0 resi*ance » tag^T^gt^ If *« ^ h «* 

introduced en urfs™?. f TT "^o^ Electable markers may be 

^ocedona-;;::;^^^^^ 

In a preferred embodiment, the indicator cells used in the methods ^ ■ 
mammalian cell* Ua ,ut* metnods of the invention are 

mammals (e g GPCRs of rtt " r '° m humans othCT 

to assay systems that utilize yeast (e o ppt a ,- • environmei *- This is in contrast 
x „ ^ liX yeast v e -g-, PCT Application No. WO 94m no*. „ a i 

M.E.etal.(1994)Pr 0 c.5ac.£cp.£/ 0/ A/erf 94/23025, and Jeansonne, 

^ 206- 35 -44) or pigment cells from amphibians or 



BNSDOCID: <WO 9641 169A 1_l_> 



* 



15 



25 



30 



35 



WO 96/41,69 PCT/US96/08895 

• -9- 

reptiles (e.g., PCT Application No. WO 92/01 810; and Lerner, M.R. (1994) Trends in 
Neuroscience J7: 1 42-146). Non-limiting examples of suitable mammalian cell lines that can 
be used to prepare indicator cells for use in the methods of the invention include Chinese 
Hamster Ovary (CHO) cells, COS cells, 3T3 cells, HeLa cells and 293 cells. The most 
5 preferred cells for use in the methods of the invention are CHO cells. Other similarly suitable 
cells will be apparent to those skilled in the art. Mammalian cell lines from which indicator 
cells can be prepared are available from the American Type Culture Collection, RockviUe 
MD. ' 

As used herein, the term "test composition" is intended to encompass material that 
10 includes at least one "test compound", which refers to a compound to be assayed to determine 
whether it is a receptor agonist or antagonist. A test composition may contain a single test 
compound or multiple test compounds. For example, the test composition can include a 
library of test compounds, e.g., a combinatorial library of peptides. A library of test 
compounds can be screened in pools, and the pools that test positive for a receptor agonist or 
antagonist can be subdivided and rescreened. This process then can be repeated as necessary 
until a single positive test compound is identified from the library. 

Optionally, the test composition can include additional substances. Additional 
substances that can be included in the test composition include known receptor agonists and 
known receptor antagonists. For example, a known receptor agonist can be included in the 
test composition to elicit a metabolic response from the indicator cells and a test compound 
can be identified as a receptor antagonist based upon its ability to reverse or inhibit the 
metabolic response elicited by the receptor agonist. Similarly, a known receptor antagonist 
can be included in the test composition to elicit a metabolic response from the indicator cells 
and a test compound can be identified as a receptor agonist based upon its ability to reverse 
or inhibit the metabolic response elicited by the receptor antagonist. Other substances that 
can be included in the test composition include agents that alter the metabolism of second 
messengers in the indicator cells. Examples of such agents include phorbol esters (e.g., 
phorbol myristate acetate), calcium ionophores (e.g., A23187), phosphodiesterase inhibitors 
(e.g., isobutyl-methylxanthine) and staurosporine. Such agents can be included in the test 
composition to alter (e.g., increase or decrease) the sensitivity of the indicator cells to the test 
compound(s) and/or a known receptor agonist or antagonist. 

As used herein, the term "parameter of cellular metabolism" is intended to include 
detectable indicators of cellular responses that are regulated, at least in part, by a GPCR 
expressed by the indicator cell. Examples of parameters of cellular metabolism that can be 
measured or determined in the assays of the invention include cellular viability, cellular 
proliferation and cellular morphology (explained in further detail below). A test compound is 
identified as a receptor agonist or antagonist based upon its causing a change in at least one 
parameter of cellular metabolism of the indicator cells when the test compound is contacted 
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S ce.,, According*, in one embodiment/fire invenC^L mX^d ^ 
agonist or an antagonist of a G-pmtein coupled ^ " 

b > m ^"8™ M i'yorprolife ral ionof ule i„dicau>r«lls ; and 
As described in farther detail in Examples 2 and 1 OPrp • • 

• ====== 

gomst. lhere fore,atestcompoundcanbeidentifiedasanagonistofaGPrR 

In anomer embodiment, the test composition comprises a, es, compounds and at 
^ one known receptor agonist or antagonist. For exampie, a test compel c2 

2S TZZZlT '^^^^^-"^^ceHsmmeprs^ 

" 7^ » *• «"« P-lifcration of the indicator ce,ls in 

the presence of the receptor agontst alone. Accordingly, in another embodiment the 

rn S> conlac,in « a population of indicator cells with a test comnosition 

C ~ E * «- « ~ — and a, leas, one known recepto! 3 
b) measuring viability or proliferation of the indicator cells- and 

coupled receptor " ° ne - — ' " " * - G-protein 

' 5 m= nC anm ^ ^ ^ aMa6 ° niS ' 3 POSi,ive eff ~' « indicator cells (i e 

the amagoms, restores the viabi.ity and/or proiifemtlve response of the cells, it is „„ ^ 
that fa.se posmves win be identified by the assay. This is in contrast * ™ ™£T 
wherem antagonist stimulation leads to eel, death, in which case compouTdT 
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specifically toxic to the cells would be selected in addition to compounds that act specifically 
as receptor antagonists. 

The viability or proliferation of the indicator cells can be measured by one of several 
suitable techniques well known in the art. For example, cell viability can be determined by 
cell counts (e.g., with a haemocytometer) of cells, preferably treated with a dye such as 
trypan blue (which is excluded from viable cells) or by measuring an enzymatic activity in 
the indicator cells that correlates with cell viability, such as reduction of a tetrazolium salt 
(e.g., 3,(4,4-dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium bromide [MTT]), which can be 
detected spectrophotometrically (see Examples 2 and 3). Additionally, cell viability can be 
determined using such indicator dyes as propidium iodide, acridine orange and Hoechst 
33342. Cell proliferation can also be determined, for example, by tritiated thymidine uptake. 
For mammalian cells, measurement of cell viability or proliferation of the indicator cells is 
typically performed at about 2 to 7 days after contact with the test composition. 

A preferred GPCR for use in this assay system is LHRH-R As demonstrated in 
Example 2, when an LHRH-R-expressing Chinese Hamster Ovary (CHO) cell is contacted 
with a known LHRH-R agonist, the reduction of MTT by the cells (as an indicator of cell 
viability) is decreased. Moreover, when the LHRH-R-expressing CHO cells are contacted 
with both the receptor agonist and a known receptor antagonist, the decreased viability of the 
cells induced by the agonist is reversed. A test compound(s) can similarly be screened 
against such cells and the viability and/or proliferation of the cells measured to identify the 
test compound(s) as a receptor agonist or antagonist. Known LHRH-R agonists or 
antagonists, which can be included in the test composition (e.g., a known agonist may be 
included in the test composition to identify test compounds as receptor antagonists) are 
commercially available (e.g., from Sigma Chemical Co., St. Louis, MO). Preferred LHRH-R 
agonists include LHRH analogues such as [D-His°]-LHRH, whereas a preferred LHRH-R 
antagonist is antide. 

Another preferred GPCR for use in this assay system is the M 1 muscarinic receptor. 
As demonstrated in Example 3, when an Ml muscarinic receptor-expressing CHO cell is 
contacted with a known Ml muscarinic receptor agonist, the reduction of MTT by the cells 
(as an indicator of cell viability) is decreased. Moreover, when the Ml muscarinic receptor- 
expressing CHO cells are contacted with both the receptor agonist and a known receptor 
antagonist, the decreased viability of the cells induced by the agonist is reversed. A test 
compound(s) can similarly be screening against such cells and the viability and/or 
proliferation of the cells measured to identify the test compound(s) as a receptor agonist or 
antagonist. Known Ml muscarinic receptor agonists or antagonists, which can be included in 
the test composition (e.g., a known agonist may be included in the test composition to 
identify test compounds as receptor antagonists) are commercially available (e.g., from 
Sigma Chemical Co., St. Louis, MO). A preferred Ml muscarinic receptor agonist is 
carbachol, whereas a preferred Ml muscarinic receptor antagonist is pirenzepine. 
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In a preferred embodiment, when viability or proliferation of the indicator cells is 
used as the tnetaboiie parameter based upon whieh a test compound is iden.if.ed iTuL 
agontsr or an^onist, me GPCR expressed b y me indicator cells couples to a Gq/1 1 
prote n ,„ addtuon ,o the LHRH receptor described above, other examples of OPCfo tha, 

tel. 3 and 5 subtypes), adenosine l.a-adrenereicfalA a lR m H a tr- u ' y ' cl,0 " ne 

neuroicmin (NK2, 3 subtypes), oxytocin, thyrotropin releasing homione (TRH) TSH 
thromoboxane A2 and vasopressin (Via subtypes) ' 

GPCR '"^^^"•-'■^WCRusedinmts functional bioassay is a chuneric 
GPCR The chtmenc receptor comprises a, leas, one ligand binding domainlf a first*™ 
ttnnsmembmne segment (7 TMS) receptor and a, ,eas, one signal transduction domat'fT 
15 second seven transmembrane segment (7 TMS) receptor. ,„ a preferred enTdfZ me 

such Urat the chtmenc receptor couples to a Gq/1 1 G-protein in me indicator cells In other 
^tntents the signal transduction domain of the second seven transmem^ 

ref, H??*" 8 "* S,mC "' re ° f 7 ™ S reCeplors ' ^ ^ntembrane segments will be 

ZZZZZ? T '- VI1 (from N - ttrmimK - °— * - " * 

vTanT r^rr ^ t° " IC ' ° inkin8 ™ S ' - d ™ S IC 2 0U*« TMS II. and TMS 
25 Pr wr ?■ * ^ ™ S V V " " d "» ,hree — =«ular loops win be raferrJmT 

VII). The hga„ d blndmg domain „ of a , ^ r of the 

Z Ltd 5 T7 fM ° f ° * - £-.1 

transducnon domatn" of a 7 TMS receptor refers to the portions) of the receptor tha, is 

30 :=G^~ q -- — — ^^receptor 

portio JofZl ^Ms n TT ° f Ce " ai ° ChimeriC 7 ™ S ""»*»* ""P— f 
SSL fc reCeP, ° r , fUSed '° P °" i0nS ° f a ««■ ' ™S receptor, have been 

derated ,n the an. For example, chimeras have been consulted between a2- and 62- 

SLTJSS* r p,ors (see eg - Colecchia ' s - a al - <,99 °' »~ ** ^ 

determinants of IT™ haVe dem ° nsmt «> distinct suuctural 

I tro-pro ein Conors '° "* Ugantl W " dfa « Propeni - » f «■» » 

protem couphng propen.es of the receptor. In panicular, determinants involved 
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in G-protein recognition have been mapped to intracellular loop 3 (IC 3), which connects 
TMS V and TMS VI. Accordingly, in one embodiment, the "at least one signal transduction 
domain of a second 7 TMS receptor" of the chimeric receptor comprises at least intracellular 
loop 3 (IC 3) of a 7 TMS receptor that couples to a G-protein of interest, e.g., a Gq/1 1, G s or 
5 Gj G-protein. 

Preferably, IC 3 from an LHRH receptor (which couples to Gq/1 1) is used. More 
preferably, IC 3 from the human LHRH receptor is used. The nucleotide and amino acid 
sequences of mouse and human LHRH-R are disclosed in PCT Publication No. WO 
94/00590 by S.C. Sealfon. According to the amino acid sequence of human LHRH-R 
1 0 disclosed therein, IC 3 corresponds to about amino acid residues 234 to 268. Therefore, to 
construct a chimeric GPCR comprising IC 3 of human LHRH-R, a nucleotide sequence' 
encoding amino acid residues 234 to 268 of human LHRH-R is exchanged for the nucleotide 
sequence encoding IC 3 of another 7 TMS receptor using standard recombinant DNA 
techniques (such as the polymerase chain reaction, restriction endonuclease digestion, DNA 
ligation and the like). For example, to construct a p2-adrenergic receptor (J52-AR)/LHRH-R 
chimeric receptor, the region of the 02-AR cDNA encoding IC 3 is deleted and replaced with 
a nucleotide sequence encoding IC 3 of LHRH-R. This chimeric cDNA can be cloned into a 
recombinant expression vector and introduced into host cells by standard techniques, as 
described above, to create indicator cells expressing the chimeric receptor for use in the 
20 bioassays of the invention. 

In addition to IC 3, the chimeric receptor may contain additional portions of the 
second 7 TMS receptor involved in signal transduction, such as IC 1 and/or IC 2. For 
example, when the second 7 TMS receptor of the chimera is human LHRH-R, amino acid 
residues 62-76 (corresponding to IC 1) and/or 140-156 (corresponding to IC 2) of human 
25 LHRH-R can be exchanged for the equivalent IC 1 and/or IC 2 domains of the first 7 TMS 
receptor of the chimera. Moreover, a carboxy terminal region may be deleted or added to the 
chimera. For example, when the first 7 TMS receptor of the chimera (which contributes the 
ligand binding domain(s)) normally incudes a carboxy terminal region and the second 7 TMS 
receptor of the chimera (which contributes the signal transduction domain(s)) is LHRH-R, the 
30 carboxy terminal region of the first 7 TMS receptor may be deleted or omitted from the 
chimera since the LHRH receptor normally lacks a carboxy terminal region. 

In another embodiment of the invention, an agonist or antagonist of a GPCR is 
identified based upon its ability to alter the cellular morphology of a population of indicator 
35 cells. Accordingly, the invention provides a method for identifying an agonist or an 
antagonist of a G-protein coupled receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) determining the morphology of the indicator cells; and 
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•ha r , ■ C> 'f"'*'" 8 at least OM Kst compound as an agonis. o, an araagonm of 
the G-prolem coupled receptor. aagonisi ol 

It has been observed that CPCR-expressing indicator cells of the invention exhihi, 
5 changes ,„ cellular morphology when contacted with a receptor agonist. For xlpt 
mdjcator eel, such as CHO cells expressing GPCRs *. couple te a Go, , G " e . 
LHRH-R) become more rounded and detach from .he culture dish when contested with a 
-epte, -agon... Additionally, indicator cells expressing GPCRs «ha, coup^C To 

.0 ZZ (e & ; P2 " adrener8iC ^ — ™ - Ungated w n ^L. 

or reversed, by further comae, of the indicator cells with a receptor antagonist Therefore a 
test compound can be identified as an agonist of a GKHkJ \™. lherefore . a 

cellular morphology of indicator cells, ^ 
---—.when.hece.lsare^ 

loanouter embodiment of .his bioassay, the «es. composition includes a test 
compounds, and a, leas, one known receptor agonist or antagonist. For exalp T* ,es, 
compound can be identified as an arttegonis, of a GPCR based upon its abu^ to £ 

20 ^r^htdT; t ag ° nia - ACCOrdinely ' in mention 
prov.des method f or jdcntlfVlng ,„ rf , Q ^ ^ 

comai ,, a> MnKCUng a p0 P ulatio " ° fM ^tor cells with a, ert composition 
comauung a, leas, one test compound and a. leas, one known receptor agonist- 

b) determining tire cellular morphology of tire indicator cells- and 
25 coupled recep,or. *" " " ~ " " - W-"-*. G-protei„ 

a eel, C^lirmotr '7 m0n>h0 '° 8y " « » ^ ^ «N« of 

ceil. Cellular morphology of mdrcator cells can be determined by standard light 

microscopy. Moreover, digita, imaging of the cells can be performed ,o ouantitete 

pammeters of cellular morphology, suco as cel. surface area. For rnaj, iCu s 

GPCRs as previously described herein can be used in this bioassay wherein recentor 

sz* or rr sB -* identif,ed ^ upon •* ^ « *• mo jho^fi 

md cater cells. For example, in various embodiments, .he GPCR can couple to a Go7n G 

Cni;:°r dn ^^ 
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invention. The methods of the invention for preparing GPCR-expressing cells are based, at 
least in part, on the discovery that stimulation of a recombinant GPCR expressed on a host 
cell with a receptor agonist can lead to decreased cell viability and/or decreased cell 
proliferation. Accordingly, for improved generation of GPCR-expressing cells, stimulation 
5 of the GPCR by receptor agonists is inhibited or avoided. Thus, the invention provides an 
improved method for preparing a cell that expresses a recombinant G-protein coupled 
receptor on a membrane of the cell comprising introducing into the cell a nucleic acid 
molecule that encodes the receptor such that the receptor is expressed on a membrane of the 
cell, under culture conditions in which stimulation of the receptor by receptor agonists is 
10 inhibited. 

As used herein, the term "recombinant G-protein coupled receptor" refers to a GPCR 
that is encoded by an exogenous nucleic acid molecule introduced into a host cell (e.g., the 
GPCR is encoded by a recombinant expression vector that is transfected into the host cell). 
Preferably, the host cell lacks endogenous expression of the GPCR. The recombinant GPCR 

1 5 may be derived from the same species as the host cell or from a different species than the host 
cell (e.g., a human recombinant GPCR can be expressed on a non-human host cell, such as a 
CHO, COS or 3T3 cell, etc.). 

In one embodiment of the method for generating a cell expressing a recombinant 
GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 

20 inhibited" comprise culture of the cell in a medium that contains a receptor antagonist. 
Known receptor antagonists for many different GPCRs are commercially available. For 
example, for LHRH-R, the known receptor antagonist antide can be included in the medium 
or, for the Ml muscarinic receptor, the known receptor antagonist pirenzepine can be 
included in the medium. 

25 In another embodiment of the method for generating a cell expressing a recombinant 

GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 
inhibited" comprise culture of the cell in a medium that lacks receptor agonists. Media that 
lack receptor agonists may be prepared, for example, using serum from which receptor 
agonists have been removed, e.g., by dialysis. For example, dialyzed fetal bovine serum can 

30 be used as the source of growth factors for the cells. 

In the method of the invention for preparing a GPCR-expressing cell, the cell can be 
maintained under the culture conditions in which stimulation of the receptor by receptor 
agonists is inhibited until stable expression of the receptor on a membrane of the cell is 
achieved. Accordingly, the invention further provides methods for preparing stable 

35 populations of cells expressing recombinant GPCRs. As used herein, a "stable" cell 

population refers to cells whose expression of a recombinant GPCR remains essentially 
unchanged over time in culture (e.g., due to integration of the GPCR-encoding nucleic acid 
into the genome of the cell). Preferably, expression of the GPCR by the cell is stable for at 
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Another aspect of the invention, therefore, pert a ins t0 slab|e populations 
expressmg recombinant GPCRs. Tie invention provides improved LLpTuot 2 

• be used, for example, as indicator cells in dte bioassays of the inventTon T „ 

these eeUs comprise a stable population of cells -pJL^Z^ O^T^T 
receptor in a ^ medium under cu„ure conditions in which stolon J* 71 
receptor agonists is inhibited. The "outturn conditions in which ^jlaZ of* ? 
receptor agonists is inhibited" can comprise, for example a cultuTmed t * 

< -eptor antagonist or a coltute medium'tha, ,ac k s ^^^^7 ' 
m which .he serum .herein has been dialvaed,, as described atve 

chim Jo^ldTr ,0 " UC,ek "* encoding 

mmencGPCRs and host cells cxpressmg chimeric GPCRs. For example the invention 
provtdes an tsolated nucleic acid molecule encoding a chimeric G-nroZ J™ I 
(GPCR, The cnimeric GPCR comprises a. .east one iigand l^ZZTZ'Z 

~rrr gmeM ~ " d at k - ° ne ^ — " *»* * ~ 

seven transmembrane segment receptor such that the chimeric GPCR couples to a Go/1 1 G 

correspondmg pon,o„(s) of the firs, 7 TMS receptor (as described above) FofcxLmle in a 

R tL r ^ " R CDNAc ° ra P nsm 8' 1 >"iSnal tt ansduc.ion domains) of LHRH- 

R. Thus, m one embodmtont, the nucleic acid of the invendon encodes a chimeric recepT 
compnsmg mtmcellular loop 3 of a GPCR mat couples to Go/1 1 , preferably " " 1™ 
R. in another embodiment, the nucleic acid of the invention encodes a Z ric ^T" 

encote cnimT " -*»*«. the nucleic acid of the invention 

encodes a chimenc receptor comprising intracellular loops 1 2 and 3 of a GPCR th , 
toGq/11 (e.g. nreferablvTHPWD* a *. ps i , z ana J ot a GPCR that couples 

chimeric JeZ lT , \ T ' f^""™"- *= ""ninal domain of the 

chimenc receptor ,s deleted. Recombinant expression vectors comprising a nucleic acid 
molecule encoding a chimeric GPCR and host cells into which such a recom^T 
exprcsston vector has been introduced are also encompassed by the inven^ host 
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cells expressing a chimeric GPCR can be used as indicator cells in the bioassays of the 
invention. 

Another aspect of the invention pertains to a Chinese Hamster Ovary (CHO) cell that 
5 expresses a recombinant human luteinizing hormone releasing hormone receptor. Yet 
another aspect of the invention pertains to a Chinese Hamster Ovary cell that expresses a 
recombinant chimeric G-protein coupled receptor. The chimeric receptor comprises at least 
one ligand binding domain of a first seven transmembrane segment receptor and at least one 
signal transduction domain of a second seven transmembrane segment receptor, wherein the 
1 0 chimeric receptor couples to a Gq/1 1 G-protein in the cell. Preferably, the second 7 TMS 

receptor of the chimera is an LHRH receptor. More preferably, the second 7 TMS receptor of 
the chimera is a human LHRH receptor. The CHO cells of the invention also can be used as 
indicator cells in the bioassays of the invention. 

1 5 The methods of the invention for identifying agonists or antagonists of GPCRs are 

useful for identifying compounds that may be therapeutically useful in the treatment of 
disease conditions that involve aberrant activity of a GPCR. Many human diseases have been 
traced to a mutation in a GPCR (reviewed in Coughlin, S.R. (1994) Curr. Op. Cell Biol 
6:191-1 97). Moreover, many human diseases are currently treated with known agonists or 
20 antagonists of GPCRs. Examples include LHRH agonist such as leuprolide, gonadorelin and 
nafarelin, which have been used to treat prostate and breast carcinomas, uterine leimyomatas, 
endometriosis, precocious puberty and nontumorous ovarian hyperandrogenic syndrome, the 
cardiac 0-adrenergic receptor antagonist propranolol, which has been used to treat 
hypertension, angina pectoris and psychiatric disorders, the pulmonary p2-adrenergic 
receptor agonist metaproterenol, which has been used as a bronchodilator and the histamine 2 
receptor antagonist cimetidine, which has been used to treat ulcers and idiopathic urticaria. 
Other examples of GPCRs and their potential clinical indications are as follows: 
acetylcholine (motion sickness); adenosine 1 (renal disease, sleep apnea; cognitive disorders); 
a-adrenergic (hypertension, benign prostatic hypertrophy, impotence); angiotensin (renal 
30 disease); bombesin (small cell lung cancer; smooth muscle contraction); bradykinin 

(inflammation); C5a (inflammation); choly-cystokinin (panic attack; analgesia); endothelin 
(hypertension, myocardial infarction, ulcers, asthma, renal failure); and glutamate (memory 
& learning). Additional and improved receptor agonists and antagonists can be identified 
using the screening assay of the invention. Moreover, ligands of orphan GPCRs of unknown 
35 function can be identified, thereby allowing for an increased understanding of the 

physiological role for these orphan GPCRs and perhaps the use of agonists or antagonists 
therefor as therapeutic targets. 
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This invention is further illustrated by the following examples which should not be 
construed as h mitlng . The contems of a „ ^ ^ 

apphcat.ons cned throughout this application are hereby incorporated by reference. 

5 EXAMPLE1: Construction of an Indicator Cell Expressing a Luteinizing 

Hormone Releasing Hormone Receptor 

receptor (LHRH-R), suttable for use ,„ ,he screening assays of the invention a cDNA 

H ""~ °^ (CHO) ce,ls Md s,ab,y — ^ — - 

A cDNA encoding human LHRH-R protein of the amino acid sequence (the 

5 7£2Z T ° f WhiCh ~ diSC ' OSCd in PCT ™icatio„No. 

WO 94/00590 by S.C. Sealfon). was Coned into a recombination expression vector usine 

by ftcSV40 enhancer and Ute adenovirus major late promoter. Additionally the vector 
conuuned a dthydofolate reductase (DHFR, gene as a selectable maticer 

Dthydrofolate reductase-deficient CHO cells (DUKXB1 cells; available from the 
0 Amencan Type Culture Collection, Reckvflle, MD, Cata,o g No. ATCC CRL 90^ 
transfected wti, the above-described LHRH-R expression veetor by standard ZLtiT 

GaT? 6 -^: 8 ** Lipofmin ™ reaEew - t ^ *» £££ 

Gattitersburg MD). To select sub.y transfected clones, me transfected cells were mahTuined 
methotrexate. Stable clones were selected based on their acquired methotrexate resistance. 
EXAMFLF,* Assays for LHRH-R Antagonists and Agonists 

» Bioasaayt 1^™"^"° "'' ^ " " 

the welklf nT^ * " 35 f ° ll0WS - ^ were plated into 

tite wells of a 96-well plate (2500 ceHs/well) and cultured in the presence of a known LHRH 

LImo r <fD - His6] - LHRH) -"able from'sigma Chem^a TTo.T 

^2 LH™ 1 1*—- »d , 0 nanomolar, or in the presence of a 

■> cTTt Cmo^ (a, " ide) ( ™ d "* availab.e from Sigma Chemical 

~ boZ ""^ 1 an" 100 nanomolar, or in the 

Ta" ,m™ P 80 ™ "? * e an,a80niS, • " COmbiM ' fo - »f concentrations. 

si Z 7 As ^ ™ Ce " S ^ " ^ °f any additional 

substances. As anotite, centre ,. untransfectedCHODUKXB, cells were cuhmed with 
venous concentrates of agon.. (fD-His^LHRH) a,one or antagonist (amide) alone 
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After 5 days of culture, cell viability was assessed using the viability indicator 3,(4,4- 
dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium bromide (MTT). (See Shearman, M.S. et al. 
( 1 994) Proc. Natl. Acad. Sci. USA 91: 1 470- 1 474 ; Hansen, M.B. et al. ( 1 989) J. Immun. 
Methods 119:203-210). MTT (commercially available from Sigma Chemical Co., St. Louis, 
5 MO) is a chromogenic substrate that in viable cells is enzymatically reduced from a yellow 
color to a blue color, which can be detected spectrophotometrically. To measure cell viability 
in the presence of the agonist and/or antagonist, MTT (at a final concentration of 1 mg/ml) 
was added to the cells for the final 2.75 hours of culture at 37 °C. Following incubation with 
MTT, the media was removed and the cells were lysed in isopropanol/0.4N HC1 with 
1 0 agitation. The absorbance of each well at 570 nm was measured to quantitate viable cells. 
Alternatively, MTT was solubilized by addition of 50 % N,N-dimethyl formamide/20 % 
sodium dodecyl sulfate added directly to the media in the wells and viable cells were likewise 
quahtitated by measuring absorbance at 570 nm. 

The results of a representative example of a bioassay using LHRH-R-expressing CHO 
1 5 cells are shown graphically in Figure 1 B, whereas the results with control untransfected CHO 
cells are shown graphically in Figure 1 A. The data illustrated in Figure IB demonstrate that 
the viability of the LHRH-R-expressing CHO cells was not affected by the presence of 
increasing amounts of receptor antagonist alone, whereas cell viability was markedly reduced 
in the presence of increasing amounts of receptor agonist alone (indicated by reduced 
20 absorbance at 570 nm). Notably, this reduced cell viability in the presence of the receptor 
agonist was reversed when the receptor antagonist was present together with the receptor 
agonist. This effect was dose dependent, with higher concentrations of receptor antagonist 
leading to greater cell viability. In contrast, neither the agonist or the antagonist had any 
effect on the viability of untransfected CHO cells (Figure 1 A), demonstrating that this 
25 phenomenon is dependent upon the expression of LHRHrR on the CHO cells. 

The results described herein demonstrate that increased viability of the LHRH-R- 
expressing CHO cells in the presence of a receptor agonist and a second compound, as 
compared to viability of the cells in the presence of the agonist alone, indicates that the 
second compound is a receptor antagonist. Furthermore, the results demonstrate that 
30 decreased viability of the LHRH-R-expressing CHO cells in the presence of a receptor 
antagonist and a second compound or in the presence of the second compound alone, as 
compared to viability of the cells in the presence of the antagonist alone or in the absence of 
any compounds, indicates that the second compound is a receptor agonist. 

35 EXAMPLE 3 ; Assays for Ml Muscarinic Receptor Antagonists and Agonists 

CHO cells transfected to express an Ml muscarinic receptor (e.g., Ml WT3 cells, 
available from the American Type Culture Collection, Rockville, MD, Catalog No. CRL 
1985) were used in a bioassay to identify antagonist or agonists of the Ml muscarinic 
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e v.nemicai Co., St. Louis, MO), at concentrations between i no 

MO), a, conceptions between 1 00 nanomolar and 1 millimolar or in Z \ ' ' 

*~^- 8 Orest,a,vario^ S 
muscarinic receptor-exDre^ina rwn n , nc emrations. As a control, Ml 

expressing CHO cells was not affected by the nresenee nfin^oo- 

reversed whm th. . . presence of Ihe receptor agon si was -M 

evened when the receptor antagomst was present together with the receptor aaonist This 'A 

as clptJ £ S of ^ " ^ T" Ce ° f 3 — i8 ° nisl - d ' — impound, 1 

muauy oi tne Ml muscarinic receptor-exoressino PHn • *i_ 3 
receptor antagonist and a W nnH . , expressing CHO cells in the presence of a .» 

r cujia^onisi ana a second compound or in the Dresenrp r.f tk. „ j -3 

3S ° f ^ - *e second contpound is a C agoX 1 

^AMPLE4: Screening of a Library of Test Compounds 1 

An LHRH-R-expressing cell line, prepared as described in Examole I • k 
witbaUbraryof compounds, identify 
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was comprised of at least 100 different peptide compounds produced using combinatorial 
methods, divided into 1 0 sample pools of at least 10 compounds each. The final 
concentration of peptide was 1.5 uM in each well of the 96-well plate. Two of the samples 
were "spiked" with either the LHRH-R antagonist antide (in sample 6 at 1 .5 uM) or the 
LHRH-R agonist D-His 6 -LHRH (in sample 4 at 1 .5 uM). 

Cells were assayed in the "antagonist mode" (i.e., conditions which allow for 
identification of receptor antagonists) by coincubating test compounds in the presence of 
1 nM D-His 6 -LHRH, or in the "agonist mode" (i.e., conditions which allow the identification 
of receptor agonists) by incubating test compounds alone with no other additions to the cell 
culture. After 5 days of culture, cell viability was assessed as described in Example 2. The 
results, shown graphically in Figure 3, demonstrate that the assay system in the "agonist 
mode" readily identified the sample spiked with the known LHRH agonist (sample 4, with 
D-His 6 rLHRH), whereas the assay system in the "antagonist mode" readily identified the 
sample spiked with the known LHRH antagonist (sample 6, with antide). Furthermore, the 
presence of the pool of combinatorially-produced peptides did not interfere with the assay, 
indicating that complex mixtures of compounds can be screened using the system of the 
invention. 
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EXAMPLE 5; Description of Cell Morphology Changes 

A human {32-adrenergic receptor-expressing cell line, prepared as described in 
Example 1, was incubated with either 1) 1 nM salbutamol (a known (32-adrenergic receptor 
agonist) or 2) 10 nM butoxamine (a known P2-adrenergic receptor antagonist) together with 
salbutamol, in complete growth medium. Several days later, cells were analyzed by 
photomicroscopy to determine the effect of treatment on cell morphology. A representative 
photograph of the results with cells treated with salbutamol alone is shown in Figure 4. 
Salbutamol induced both a change in cell shape (i.e., elongation of the cells) and an 
alignment of the cells with each other. Consequently, the total are of the culture surface 
covered by the cells was greatly reduced by exposing the cells to salbutamol. Cells exposed 
to both salbutamol and butoxamine were indistinguishable from control cells, demonstrating 
antagonism of this effect by the receptor antagonist. Assessment of the agonist or antagonist 
properties of individual compounds or libraries of compounds can be achieved by, for 
example, microscopic observation of the cells, or alternatively, by video digitizing techniques 
to quantify cell shape changes and/or cell alignment changes. Butoxamine alone produced no 
detectable change in cell shape or alignment, nor did salbutamol on untransfected CHO cells 
that did not express the recombinant (32-adrenergic receptor. 



SNSDOCIO: <WO 9641 169A1_I_> 



WO 96/41169 

PCT/US96/08895 

- 22 - 

EQUIVALENTS 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
descnbed herein. Such equivalents are intended to be encompassed by the following claims 
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CLAIMS 

1 . A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising; 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 

2. The method of claim 1 , wherein the indicator cells are mammalian cells. 

3. The method of claim 2, wherein a nucleic acid molecule that encodes the 
receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

4. The method of claim 3, wherein the test composition comprises a library of 
test compounds. 

5. The method of claim 3, wherein the test composition further comprises at least 
one known receptor agonist or at least one known receptor antagonist. 

6. The method of claim 3, wherein the test composition further comprises at least 
one agent that alters the metabolism of at least one second messenger in the indicator cells. 

7. The method of claim 3, wherein the natural ligand for the G-protein coupled 
receptor is unknown. 

8. A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) measuring viability or proliferation of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 

9. The method of claim 8, wherein the indicator cells are mammalian cells. 
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10. The method of claim 9, wherein a nucleic acid molecule that «w a u 
receptor has been introduced into the indicator cells such that Z ^ **' 

membrane of the cells. reCept ° r 15 ex P r «sed on a 

Gq /, , G-proteir meth ° d ^ daim 1 °' WhCrein ^ -eptor couples to a 

12. The method of claim 1 1, wherein the G-protein coupled ■ 
_ re ,eas in8 _ „ or „ £ , ~ " S ' 

0 S o r o!o- pro 2l me,h<>d ° f ^ '°- WheKin °*""» * a 

^ « p,o r and a, leas, „„« signaI transduction ^ ^ ~ 

M cow^ me,h0d ° f ^ 10 ' Wherei " "« «•*— copses a Ub^ of 



19. The method of claim 10, wherein the natural li ean d for th. r 

receptor is unknown. 8 he G -P rote »n coupled 

20. A method for identifying an agonist or an antagonist of a G non- 
receptor, comprising: agonist ot a O-protein coupled 

a) contacting a population of indicator cells with a test comw 
containing at least one test compound; composition 
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b) determining the morphology of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 

21 . The method of claim 20, wherein the indicator cells are mammalian cells. 

22. The method of claim 2 1 , wherein a nucleic acid molecule that encodes the 
receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

23. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gq/1 1 G-protein. 

24. The method of claim 23, wherein the G-protein coupled receptor is a 
1 5 luteinizing hormone releasing hormone receptor or an Ml muscarinic receptor. 

25. The method of claim 22, wherein the G-protein coupled receptor couples to a 
G s G-protein. 

20 26 - The method of claim 25, wherein the G-protein coupled receptor is a p2- 

adrenergic receptor. 
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27. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gj G-protein. 

28. The method of claim 22, wherein the test composition comprises a library of 
test compounds. 

29. The method of claim 22, wherein the test composition further comprises at 
30 least one known receptor agonist or at least one known receptor antagonist. 

30. The method of claim 29, wherein the test composition further comprises at 
least one known receptor agonist to thereby identify a receptor antagonist. 

35 3 1 • . The method of claim 22, wherein the test composition further comprises at 

least one agent that alters the metabolism of at least one second messenger in the indicator 
cells. 
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molecule that encodes the receptor such that the recent™ 5c '/ 

«™m-„ 3& ■ I he ,. me,h0d ° f daim 33 ' <he «II is maintained under.be culture 

20 recen. 3? ' t P ° pnhlion ° f Ce,,s ex P ress ^g a recombinant G-protein coupled 

25 antagonis,. ^ """" cornea receptor 

39. The cells of claim 37, wherein ft. cuhure medium lacks receptor agonists. 

40. The celis of claim 39, wherein serum in me culture medium has been dia Iy2 ed. 
■^L^t^^^^^'^ binan, human lutein. 



„ m ,.' " Z , , A Chi " eSe HamSter ° Va,y «" ** ex P resses a recombinant chimeric G 

of a secon^evenTZl T 6meM "* " « Si8nal *— 

a o^tzi rr r rane ~ recep,or such *- - — <•> 



BNSDOCJD: <WO 9641 169A1_I_> 



WO 96/41169 



PCTAJS96/08895 



1/4 



FIG. 1A 




Agonist Alone 
-G- 

Antagonist 
Alone 



400 ' 1 1 1 1 l l tf J 1 ' » 1 ""I » 1 I I LUjJ 1 I I I Mill ' ' I I ""1 1 

0.1 1 10 100 1000 10 4 10 5 

Ligand Concentration (pM) 

FIG . IB 

1 400 ( I - r-TTTTn] 1 1 1 I Mil] 1 — I ITTTTT] 1 I I rTTTTj 1 — I I lllllj 1 1 I I I I I !) 1 + 

Agonist + 10 nM 

Antide 
— x — 

Agonist* 100 nM 
Antide 



200 - 




•a 



■ t.tl ■ i imimI ■ i ■ i ' 



Antide Alone 



Agonist + 1 nM 
Antide 

Agonist Alone 



0.1 1 10 100 1000 10< 105 
Agonist Concentration (pM) 
SUBSTITUTE SHEET (RULE 26) 



WO 96/41169 



PCT/US96/08895 



2/4 



FIG. 2A 
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